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SWMM5/PCSWMM 
integrated 1D-2D modeling
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SWMM5 Dynamic Wave Routing 
History
• SWMM5 Dynamic Wave routing
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• Lew Rossman (2005)
• SWMM3/4 EXTRAN
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• Larry Roesner & Bob Shubinski (1981)
• Bob Dickinson (1988)
• SWMM RECEIV
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• Bob Shubinski (1971)
• Dynamic Estuary Model
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• Bob Shubinski (~1965)
Dynamic Estuary Model
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• Flow between cells is predominantly one-
dimensional
• Flow between cells can be represented with 
rectangular cross-sections
Assumptions
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• Coriolis and wind effects are negligible
• Turbulent eddy viscosity  can be neglected
• Wave length is significantly greater than the 
depth (i.e. shallow water equations)
Applications
• Urban and watershed (rural) flood modeling 
where flood sources include:
– Rainfall (distributed)
– River bank overtopping
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– Flooding sewers (dynamic major/minor system 
modeling)
– Levee/dam failure
2D environment in PCSWMM 2012
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Storage representation
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Length/width ratio
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Length/width ratio
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SWMM5.0.022 setup
• Dynamic Wave routing 
solution
• Minimize default junction 
area (0.1m)
• Spatial resolution should 
be larger than water 
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depth (5:1) to reduce wall 
effect
• Recommend option to 
remove walls from 
hydraulic radius 
calculations
Integrated 1D-2D
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Integrated 1D-2D
• Link 1D-2D with: 
– orifices for 
catchbasins, or 
– with direct 
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connections (i.e. 
shared nodes) for 
bridges/culverts
California delta
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California delta
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California delta
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California delta
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Application: floodplain reconnection
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50 Years of Watershed Modeling Jeffries, 2006
50 Years of Watershed Modeling
50 Years of Watershed Modeling
Area-duration-
frequency analysis
50 Years of Watershed Modeling
50 Years of Watershed Modeling
50 Years of Watershed Modeling
Benchmarking
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Objective of benchmarking tests
To provide evidence to ensure that 
PCSWMM/SWMM5 integrated 1D-2D 
hydraulic modeling is capable of adequately 
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predicting the variables upon which flood 
risk management decisions are based
Background
• Set of benchmarking tests, developed by 
Environment Agency in the UK, were distributed 
to  2D flood inundation software suppliers 
• Results were published in a report titled 
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“delivering benefits through evidence –
Benchmarking of 2D Hydraulic Modelling 
Packages
• The data was made available by the environment 
agency in the UK. 
Overview
• Test 1 – Flooding a disconnect water body
• Test 2 – Filling of floodplain depressions
• Test 3 – Speed of flood propagation over an 
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extended floodplain
• Test 4 – Valley flooding
Test 1 – Flooding a disconnect water body
Objective: To assess basic capabilities such as handling disconnected water bodies 
and wetting and drying floodplains
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Test 1 – Specifications
Varying water level along the dashed red line
All other boundaries are closed
Initial condition: Water elevation = 9.7 m
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Test 1 – Inflow hydrograph
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Expected results
Peak level of ~10.35m at points 1 and 2
Final level of ~10.25m at points 1 and 2
Test 1 – Mesh parameter values
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Manning's n 0.03 (uniform)
Grid resolution: 10 m 
Simulation Time = 20 hours
710 2D Cells 
710 Nodes
1339 Links
2 second time step
44 sec. Run time
0.011% Cont. Error.
*Results are based on a square mesh using PCSWMM 5.0.022
Test 1 Point 1 – Results
50 Years of Watershed Modeling
Test 1 Point 2 – Results
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Test 2 – Filling of floodplain depressions
Objective: To assess the package’s ability to handle disconnected water bodies, 
with an emphasis on the final distribution of flood water rather then peaks.
Under-lying slope of 0.001 west to east and north to south.
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Test 2 – Specifications
Inflow along the red line 
All other boundaries are closed
Initial condition: Dry bed
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Test 2 – Inflow hydrograph
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Test 2 – Mesh parameter values
Manning's n 0.03 (uniform)
Grid resolution: 20 m 
Simulation Time = 48 hours
10015 Cells 
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10015 Nodes
19862 Links
5 sec. time step
13:57 Run time
-0.03% Cont. Error.
*Results are based on a square mesh using PCSWMM 5.0.022
Test 2 - Video
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Test 2 Point 4 (Square) – Results
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Test 2 Point 3 (Square) – Results
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Test 2 Point 2 (Square) – Results
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Test 2 Point 1 (Square) – Results
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Test 2 Point 8 (Square) – Results
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Test 2 Point 7 (Square) – Results
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Test 2 Point 6 (Square) – Results
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Test 2 Point 5 (Square) – Results
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Test 2 Point 12 (Square) – Results
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Test 2 Point 11 (Square) – Results
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Test 2 Point 10 (Square) – Results
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Test 2 Point 9 (Square) – Results
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Test 3 – Speed of flood propagation over an 
extended floodplain
• Objective: To assess the 
package’s ability to 
simulate the celerity of 
propagation  of a flood 
wave and predict 
transient velocities and 
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depths.
• This test is relevant to 
fluvial and costal 
inundation resulting from 
breached embankments.
Test 3 – Specifications
• Inflow boundary 
condition applied along 
a 20m line in the middle 
of the western side of 
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the floodplain.
• All other boundaries are 
closed
• Initial condition: Dry 
bed
Test 3 – Inflow hydrograph
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Test 3 – Mesh parameter values (Hexagonal)
92667 2D Cells
92667 Nodes
276653 Links
0.5 second time step
~ 2.5 hours Run time (2:33:03)
0.471% Cont. Error.
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Manning's n 0.05 (uniform)
Grid resolution: 5 m 
Simulation Time = 5 hours 
*Values reported for Hexagonal mesh
Test 3 Point 1 (Hexagonal) – Results
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Test 3 Point 2 (Hexagonal) – Results
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Test 3 Point 3 (Hexagonal) – Results
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Test 3 Point 4 (Hexagonal) – Results
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Test 3 Point 5 (Hexagonal) – Results
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Test 3 Point 6 (Hexagonal) – Results
50 Years of Watershed Modeling
Test 4
Objective: To assess the ability 
to simulate major flood 
inundation at the valley scale.
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Test 4 – Specifications
Inflow hydrograph along line
All other boundaries are closed
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Initial condition: Dry bed
Test 4 – Inflow hydrograph
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• Represents a typical failure of a small clay core embankment dam
• Ensure that both super-critical and sub-critical flows will occur in 
different parts of the flow field.  
Test 4 – Mesh parameter values
Manning's n 0.04 (uniform)
Grid resolution: 50 m 
Simulation Time = 30 hours
Values are based on a directional mesh
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7691 Cells 
7691 Junctions
15089 Conduits
7:45 Run time
-0.033% Cont. Error.
5 s time step
*Results are based on directional mesh using SWMM 5.0.022
Test 4 Point 1  – Results
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Test 4 Point 2  – Results
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Test 4 Point 3  – Results
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Test 4 Point 4  – Results
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Test 4 Point 5  – Results
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Test 4 Point 6  – Results
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Test 4 Point 7  – Results
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Test 4 – Cross-section of peak levels along the 
valley centerline (2 km – 5 km)
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Test 4 – Cross-section of peak levels along the 
valley centerline (5 km – 10 km)
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Test 4 – Cross-section of peak levels along the 
valley centerline (10 km – 15 km)
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• Totally integrated 1D-2D solution
– Control structures in 2D
– Water quality modeling in 2D
– Real-time control in 2D
– Distributed hydrology in 2D
In summary: advantages
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• Flexibly move back and forth between 1D and 2D 
as desired
• Managed by PCSWMM’s spatial decision support 
system
• Produces comparable results
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